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Summarv The evolution of bone lesions in transplantable C57BL KaLwxRij 5T mouse myeloma (MM) has
been folloxed in vivo. Mice were anaesthetised and a radiograph of the pelVis and hind legs was performed by a
radiograph dedicated for mammography. This is the first description of an in vivo technique under experimental
conditions w-hereby the development of bone lesions owing to the MM growth was demonstrated.
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The ST multiple myeloma (MM) lines in C57BL KaLwRij
mice w-ere originallx developed by Radl et al. (1979. 1988).
These mice. wxhen older than 2 y-ears. develop MM
spontaneously with a frequency of 0.5%. These MM could
be transplanted into syngeneic recipients by intravenous
transfer of the bone marrox- cells. This mouse MM model
resembles the human disease in several respects - it is of
spontaneous origin. the circulating monoclonal myeloma
protein reflects the extent of tumour load and osteolytic
bone lesions are observed. The bone destruction has been
studied by radiographs of prepared skeletons of mice with
severe MM (Radl et al.. 1985). The most severe osteolytic
lesions of the 5T2 MM were obserxed in the metaphysis of
the femora and tibiae.
Myeloma cells have the remarkable ability of a selective
homing to the bone marrow. This microenvironment creates
the signals necessary for proliferation and differentiation of
MM cells and for activation of osteoclasts. The latter generate
in situ bone lesions. In our experiments dealing with the kinetics
of homing of the mouse 5TMM cells (K Vanderkerken. C De
Greef. H De Raeve. J Radl and B van Camp). it was essential to
have a correlation between the serum content of the myeloma
protein. the first sites of invasion and the development of
osteolytic lesions. Therefore. for the observation of the
development of osteolysis. mice were followed up in time by
radiography dedicated for mammography before transfer of
the MM cells, during development of the MM and in the
terminal stage. The advantage of the 'mammography' method
over classical radiographv of prepared skeletons is that
anaesthetised mice can be used instead of prepared skeletons.
thus allowing the follow-up of a particular bone in time. This
was necessary because. among individual mice. the radiological
observations ofthe bone tissue may show variations. An exact
evaluation of the bone lesions is then only possible when
comparing the radiographs of the bones before and after
transfer of the MM cells.
Material and methods
Mice
Male C57BL KaLwRijHsd mice were purchased from Harlan
CPB (Zeist. The Netherlands). They were housed under
conventional conditions and had free access to tap water and
food. They were killed by cervical dislocation.
5T.M.M lines
The STMM lines originated spontaneously in C57BL
KaLwRij mice (Radl et al., 1979) and have since been
propagated in vivo by intravenous transfer in syngeneic mice.
The development of the 5T2MM was monitored by agar
electrophoresis of the serum. When a clear-cut monoclonal
immunoglobulin serum component was detected (>1 gdL- ).
mice were sacrificed and the bone marrow was flushed from
the femora. tibiae and humeri of the mice into RPMI-1640
medium (Gibco. Life Technologies. Gent. Belgium). Mono-
nuclear cells were prepared by Ly-mphol-te-M gradient
centrifugation (Cedarlane. Hornby. Ontario. Canada) at
450 xg for 25 mmn. After washing the cells with R_PMI-
1640. cell number was determined and viability was assessed
by trypan blue exclusion. For the 5T2MM. 2 x 106 viable cells
were injected into the tail vein. A take was usually observed 8
weeks later.
Radiographk
Mice were anaesthetised by intraperitoneal injection of
25 mg kg-' Nembutal (Abbott. Brussels. Belgium) and
positioned on the mammographer. Pictures were taken
(Senograph 600T, CGR. Issy Les Moulineaux. France) at
23 kV. The photographic development of the pictures was
standardised so that comparisons at different time points are
accurate.
Histology'
The pelvis and hind legs were prepared from controls and
5T2MM-bearing animals and fixed in Burckhardt fixati've
consisting of a methanol-formalin mixture in a glucose
solution and embedded in paraffin. Sections stained with
Giemsa were examined by light microscopy (Laborlux, Leica.
Germany).
Quantification of serum paraprotein content
Serum proteins were separated by agarelectrophoresis
(Rapid Elektrophoresis, Helena Laboratories. Baxter.
Chicago. IL. USA) followed by staining with Ponceau S
(REP gel processor, Baxter). The different fractions were
subsequently quantified by scanning densitometry (EDC
densitometer. Baxter). These results were combined with
the concentration of total protein in the serum (Ektachem.
Johnson & Johnson Clinical Diagnostics. Rochester. NY.
USA) to determine the actual concentration of the
paraprotein in the serum.
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Results and discussion
MM is characterised by a malignant proliferation of final
differentiated B cells or plasma cells. These cells are usually
localised in the bone marrow, secreting a monoclonal
immunoglobulin. The plasma cells furthermore stimulate
surrounding osteoclasts, thus leading to increased bone
destruction. This constitutes a serious complication in
patients suffering from MM.
The 5TMM model resembles closely the human disease
and is therefore useful as an experimental model to study the
pathobiology and possible new ways of treatment of MM. As
osteolysis is associated with this disease, the follow-up of
these lesions is important in experimental models. Until now,
all descriptions (Radl et al., 1985) have used prepared
skeletons for radiology. However, this method does not
allow the follow-up in time of the bone lesions of the same
mouse.
In this communication we described a method to assess
bone lesions in anaesthetised mice by means of radiograph
dedicated for mammography. It has indeed been shown that
mammographs can detect small calcifications in routine
medical practice. Bone lesions in anaesthetised mice,
observed by mammography, are radiologically suspected
when localised osteolytic regions of bone destruction are
demonstrated (Figures 2, 3 and 4). They appear as numerous
small cavities in the long bones, i.e. in our cases the femora,
with an expansion of the cortical bone and a narrow
transition zone between the lesion and the normal bone.
Periosteal reactions could not be demonstrated in our cases.
An evolution of the normal bone (Figure 1) to the bone with
osteolytic lesions (Figures 2, 3 and 4) was observed. In
addition, osteoporotic lesions were also observed in the
vertebrae (Figure 4). The number and size of osteolytic
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Figure I Mammograph of the femur before transfer of the serum paraprotein level (Figure 5).
myeloma cells.
Figure 2 Mammograph of the femur 15 weeks after transfer of
the myeloma cells. Figure 3 Mammograph of the femur 18 weeks after transfer of
the myeloma cells.Mumpk b~in51T2 -
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Figwe 4 Mammograph of the femur 21 weeks after transfer of
the myeloma cells.
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Fugwe 5 Development of serum paraprotein levels at the time
points of Figures 1-4.
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Fugwe 6 Histology of the metaphysis of the femur of an end-
stage animal (a) and a control animal (b) (bar = 100pum).
The bone lesions observed on mammographs (Figure 4)
were fiurther exaindin histological sections (which were
prepared on the day of the radiograph ofFigure 4) (Figure 6)
and confirmed the radiological observations. Indeed, the
histology of the bones in animals with osteolytic lesions
showed a decrease in bone trabeculae and cortical bone. The
lesions were more pronounced at sites of diffuse infiltration
with myeloma cells. As in the human situation, the
identification of osteolytic bone lesions in the 5T2 model is
not indicative of immnet death. The results demonstrated
here were confirmed for four other mice, each injected
independently with the 5T2MM cells.
We can thus conclude that this technique enabled us to
detect bone lesions in vivo and to follow up the development
of these lesions (repeatedly) in the same mouse, that has so
far never been achieved by other techniques.
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